On the basis of the representation of the generalized structure of nucleons a new model of the hadron interaction at high energies is presented. The new t-dependence of the generalized parton distributions (GPDs) is obtained from the comparative analysis of different sets of the parton distribution functions (PDFs), based on the description of the whole sets of experimental data of electromagnetic form factors of the proton and neutron. Taking into account the different moments of GPDs of the hadron the quantitative descriptions of all existing experimental data of the proton-proton and proton-antiproton elastic scattering from √ s = 9.8 GeV to 8 TeV, including the Coulomb range and large momentum transfers up to −t = 15 GeV 2 , are obtained with a few free fitting high energy parameters. The real part of the hadronic elastic scattering amplitude is determined only through complex s satisfying the dispersion relations. The negligible contributions of the hard Pomeron and the presence of the non-small contributions of the maximal Odderon are obtained. The non-dying form of the spin-flip amplitude is examined as well. The structure of the Born term and unitarized scattering amplitude are analysed. It is shown that the Black Disk Limit for the elastic scatering amplitude is not reached at LHC energies. Predictions for LHC energies are made.
I. INTRODUCTION
A topical problem of modern physics of elementary particles, the exploring of the dynamics of the strong interaction processes at high energies, is considered in the framework of different approaches using various models of the structure of hadrons and the dynamics of their interactions. Different models for the description of hadron interaction at large distances are developed. They are based on the general quantum field theory principles (analyticity, unitarity, and so on). The relativistic models of high energy scattering based on the quasipotential approach [1, 2] occupy an important place among them. Here, the hypothesis about the existence of the local smooth quasipotential giving an adequate description of high energy scattering processes is essential. In the region of small angles of the scattering the eikonal approach can be used as a consequence of the smoothness of the quasipotential [3] . The smoothness of the quasipotential is related to the dynamics of two-particle interactions and means that at high energies the hadrons behave as loose extended objects with finite dimensions.
The elastic hadron-hadron scattering plays an important role in the investigation of the strong interaction. For the description of the interaction at small distances there is the exact theory, QCD, but for the interaction at large distances, which is the basis for the elastic scattering at small angles, the calculation in the framework of QCD is impossible at present. These two domains are tightly connected * selugin@theor.jinr.ru with the experimental determination of the parameters of the elastic scattering and are very important for the development of the modern strong interaction theory [4] .
Only in the region of small angles the basic properties of the non-perturbative strong interaction: the total cross section, the slope of the diffraction peak and the parameter ρ(s, t) -ratio of the real part to the imaginary part of the scattering amplitude, can be measured. Their values are connected, on the one hand, with the large-scale structure of hadrons and, on the other hand, with the first principles which lead to the theorems on the behavior of the scattering amplitudes at asymptotic energies [5, 6] .
There are indeed many different models for the description of hadron elastic scattering at small angles [7, 8] . They lead to the different predictions for the structure of the scattering amplitude at asymptotic energies, where the diffraction processes can display complicated features [9] . This concerns especially the asymptotic unitarity bound connected with the Black Disk Limit (BDL) [10] and the influence of the saturation regime on the differential cross sections [11] .
In the Chow-Yang model [12, 13] it was assumed that the hadron interaction is proportional to the overlapping of the matter distribution of the hadrons, and Wu and Yang [12] suggested that the matter distribution is proportional to the charge distribution of the hadron. Many models used the electromagnetic form factors of the hadron but, in most part, they changed its form to describe the experimental data, as was made in the famous BourrelySoffer-Wu model [14] . The parameters of the obtained form-factor are determined by the fit of the differential cross sections. The authors noted that the form factor is "parameterized like an electromagnetic form factor, as two poles, and the slowly varying function reflects the approximate proportionality between the charge density and hadronic matter distribution inside a proton."
In paper [15] , it was proposed that the hadron form factor is proportional to the matter distribution. The matter distributions in the hadron are tightly connected with the energy momentum tensor [16] . In [17] , it was noted that "the gravitational form factors are related to the matrix elements of the energy-momentum tensor in a hadronic state, thus providing the distribution of matter within the hadron". The recent picture of the hadron structure is determined by the general parton distributions (GPDs) [18, 19] which include as part the parton distribution functions (PDFs). The first and second moments of GPDs give two hadron form factors.
Before the introduction of GPDs a similar representation for the scattering amplitude was used in work of S. Sanielevici and P. Valin (1984) [20] 
Here the function L U,D p (x) represents the parton distributions and T
U,D p
( k) represents the transfer momentum dependence. Note that the whole structure of the amplitude corresponds to the second moment of GPDs.
Usually, models of high energy hadron interaction include a different kind of leading Reggions: one or a few pomerons (including the soft and hard pomerons), the odderons with intercept equal to the pomeron (maximal odderon) or with intercept close (or less) unity and sometimes the spin-flip amplitude. The effect of the hard pomeron contribution on the elastic differential cross sections is very important for understanding the properties of QCD in the non-perturbative regime [21] . Note that ρ(s, t) of the hard pomeron is essentially larger than ρ(s, t) of the soft pomeron. In [22] , it is suggested that such a contribution can explain the preliminary result of the TOTEM Collaboration [23] on the elastic proton-proton differential cross sections.
In our high energy general structure (HEGS) model [24] , the real part of the hadronic amplitude is determined only through complex s satisfying the cross symmetric relation. In the framework of the model, the quantitative description of all existing experimental data at 52.8 ≤ √ s ≤ 1960 GeV, including the Coulomb range and large momentum transfers 0.0008 ≤ |t| ≤ 9.75 GeV 2 , is obtained with only 3 fitting high energy parameters. The comparison of the predictions of the model at 7 TeV and preliminary data of the TOTEM collaboration are shown to coincide well. In [25] , the contribution of the hard pomeron in the elastic scattering at small angles at high energies was examined. It was found that such a contribution is invisible in the existing experimental data including the new data of LHC. In [26] , they came to the same result.
In the framework of the model, only the Born term of the scattering amplitude is introduced. Then the whole scattering amplitude is obtained as a result of the unitarization procedure of the hadron Born term that is then summed with the Coulomb term. The Coulomb-hadron interference phase is also taken into account. The essential moment of the model is that both parts of the Born term of the scattering amplitude have the positive sign, and the diffraction structure is determined by the unitarization procedure. Now we present the extended variant of the HEGS model [24] , based on the assumption that the hadron interaction is sensitive to the generalized parton distributions (GPDs), whose moments can be represented in the form of two different distributions: charge and matter, separately. Hence, this model used the exact electromagnetic and matter formfactors determined by one function -generalized parton distributions (GPDs). Both the form factors are independent of the fitting procedure of the differential cross sections of the elastic hadron scattering. Note that the form of GPDs is determined, on the one hand, by the deep-inelastic processes and, on the other hand, by the measure of the electromagnetic form factor from the electron-nucleon elastic scattering. We support this picture by a good description of the experimental data in the Coulomb-hadron interference region and large momentum transfer at high energies by one amplitude with a few free parameters.
The differential cross sections of nucleon-nucleon elastic scattering can be written as the sum of different helicity amplitudes:
The total helicity amplitudes can be written as
, where F h i (s, t) comes from the strong interactions, F em i (s, t) from the electromagnetic interactions and ϕ(s, t) is the interference phase factor between the electromagnetic and strong interactions [27] [28] [29] .
The structure of the paper is as follows: first, in Section 2 the basis of the first variant of the HEGS model is discussed shortly.
In Section 3, the hadron form factors are analyzed by the new form of the general parton distributions (GPDs) with taking into account two forms of PDFs, which give the best descriptions of the electromagnetic form factors of the proton and neutron. As a result, the new forms of the electromagnetic and matter form factors are obtained.
Section 4 is devoted to the study of all existing experimental data of the proton-proton and protonantiproton elastic scattering from √ s = 9.8 GeV to 8 TeV, including the Coulomb range and large momentum transfers up to −t = 15 GeV 2 in the framework of the model with a few free fitting high energy parameters.
In section 5, the structure of the elastic hadron scattering amplitude, obtained in the framework of the model, is analyzed. First, the Born term of the scattering amplitude is discussed with its cross-even and cross-odd separate parts. Then the obtained overlapping function is considered in the impact parameter representation. And, finally, the full form of the scattering amplitude, obtained after integration over the impact parameter, is considered. Especially, we examine the energy and momentum transfer dependence of the slope of the scattering amplitude as the Born term and as the full term of the scattering amplitude. Finally, the obtained results and the comparison with other models and some predictions of our model are discussed in Section 6.
II. THE HIGH ENERGY GENERAL STRUCTURE (HEGS) MODEL
The model is based on the representation that at high energies the hadron interaction in the nonperturbative regime is determined by the reggenizedgluon exchange. The cross-even part of this amplitude can have two non-perturbative parts, possible standard pomeron -P 2g and the cross-even part of three non-perturbative gluons P 3g . The interaction of these two objects is proportional to two different form factors of the hadron. This is the main assumption of the model. Of course, we cannot insist on the origin of the second term of the scattering amplitude. However, in any case, it has the crosseven properties, positive sign and the slope is the same as for the odderon. The second important assumption is that we chose the slope of the second term four times smaller than the slope of the first term. All terms have the same intercept.
The form factors are determined by the general parton distributions of the hadron (GPDs) [30] . The first form factor, corresponding to the first momentum of GPDs is the standard electromagnetic form factor -G(t). The second form factor is determined by the second momentum of GPDs -A(t). The parameters and t-dependence of the GPDs are determined by the standard parton distribution functions, so by the experimental data on the deep inelastic scattering and by the experimental data for the electromagnetic form factors (see [31] ).
The electromagnetic form factors can be represented as the first moments of GPDs with ξ = 0
In [31] the t-dependence of GPDs in the form
was researched. The function q(x) was chosen at the same scale µ 2 = 1 as in [32] , which is based on the MRST2002 global fit [33] .
For ξ = 0 one has the second moment of GPDs
. (4) The integration of the second moment of GPDs over x give the momentum-transfer representation of the form factor. It was approximated by the dipole form
Hence, the Born term of the elastic hadron amplitude can be written as
where F a (s, t) and F b (s, t) have the standard Regge form
The slope of the scattering amplitude has the logarithmic dependence on the energy, B(s) = α ′ ln(ŝ),
The final elastic hadron scattering amplitude is obtained after unitarization of the Born term. So, first, we have to calculate the eikonal phase
and then obtain the final hadron scattering amplitude
The model has only three high-energy fitting parameters and two low-energy parameters, which reflect some small contribution coming from the different low-energy terms.
We take all existing experimental data in the energy range 52.8 ≤ √ s ≤ 1960 GeV and the region of the momentum transfer 0.0008 ≤ −t ≤ 9.75 GeV In the framework of this model the quantitative description of all existing experimental data at 52.8 ≤ √ s ≤ 1960 GeV, including the Coulomb range and large momentum transfers (0.0008 ≤ |t| ≤ 9.75 GeV 2 ), is obtained with only three high-energy fitting parameters. Hence, the model is very sensitive to any additional contribution.
FIG. 2: Proton Dirac form factor multiplied by t
2 (the hard, dotted, long-dashed, and short-dashed lines correspond to our calculations with PDFs Al12, Stoller01, Rad04, and Kroll, respectively).
III. GPDS AND FORM FACTORS OF THE NUCLEON
Further development of the model requires careful analysis of the momentum transfer form of the GPDs and a properly chosen form the PDFs. In Ref. [35] , an analysis of more than 24 different PDFs was performed. We slightly complicated the form of the GPDs in comparison with Eq. (4), but it is the simplest one compared to other works (for example, Ref. [36] ):
where q(x)
. A complex analysis of the corresponding description of the electromagnetic form factors of the proton and neutron using the different PDF sets (24 cases) was carried out . These PDFs include the leadingorder, next-to-leading order, and the next-to-nextto-leading order determinations of the parton distribution functions. They used different forms of the x dependence of the PDFs. The analysis was carried out with different forms of the t dependence of the GPDs. The minimum number of free parameters was six and maximum was ten.
To obtain the form factors, we have to integrate over x in the whole range 0 − 1. Hence, the form of the x dependence of a PDF affects the form and size of the form factor. But the PDF sets are determined from the inelastic processes only in some region of x, which is only approximated to x = 0 and x = 1. Some PDFs have a polynomial form of x with a different power. Some others have an exponential dependence on x. As a result, the behavior of the PDFs, when x → 0 or x → 1, can influence the form of the calculated form factors. The sets of experimental data are presented in Table I. The sets of data have various corrections and different methods which take into account the systematic errors. So we take into account only the statistical errors. On the basis of this analysis we calculated the electromagnetic form factors of the proton and neutron (using the isotopic symmetry). Then we carried out the fit of these calculations and obtained the parameters of the electromagnetic [G(t)] and matter [A(t)] form factors.
The results of the fitting procedure with different numbers of free parameters for the whole set of PDFs are presented in Fig. 1 . We found that the best description was given by the PDFs from Refs. [65, 66] . In this case, the increase in the number of the free parameters leads to a small decrease in χ 2 . This means that the x dependence of the PDFs corresponds sufficiently well to the u and d distributions in the nucleon to reproduce the electromagnetic form factors. Note that these PDFs use a special power dependence on x. The most stable results (i.e., a minimum dependence on the number of free parameters with a minimum of χ 2 ) are obtained with the PDFs ABKM09 [65] and ABM12 [66] (see Table II ).
The obtained form factors for the proton and neutron are shown in Fig. 2 and Fig. 3 . The form factors practically coincide for both PDFs used. In Fig.  2 , our results are compared with the other model calculations for F 1 (t). It should be noted that the experimental data for large t were obtained by the Rosenbluth method, and our calculations and the calculation in Ref. [36] differ slightly from the experimental data at large t, but they practically, coincide with each other. The ratio of µG E /G M for the proton and neutron cases is presented in Fig. 3 . Our calculations reproduce the data obtained by the polarization method quite well.
On the basis of our GPDs with the ABM12 PDFs [66] ,
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we calculated the hadron form factors using numerical integration,
and then by fitting these integral results with the standard dipole form with some additional parame- ters for F 1 (t),
The matter form factor
is fitted by the simple dipole form
The results of the integral calculations and the fitting procedure are shown in Fig. 4 . Our description is valid up to a large momentum transfer with the following parameters: a 1 = 16.7, a 2 2 = 0.78, a 3 3 = 12.5 and Λ 2 = 1.6. These form factors will be used in our model of the proton-proton and proton-antiproton elastic scattering.
IV. EXTENSION OF THE HEGS MODEL
The obtained form factors differ slightly from those used in our previous work [24] . Hence, we have to make a new fit of high-energy data, including now the new data of the TOTEM Collaboration [8, 67] . As was noted in our previous work, the model also describes low-energy data qualitatively. Now we include in our fitting procedure additional experimental data on the pp and pp elastic scattering up to 8 TeV ≥ √ s ≥ 9.8 GeV. As a result, the amount of experimental data increases by a factor of 3.5 (from 980 to 3416). This gives us many experimental high-precision data points at small momentum transfer, including the Coulomb-hadron interference region where the experimental errors are remarkably small. Hence, we can check our model construction where the real part is determined only by the complex representation ofŝ = s/s 0 exp(−iπ/2).
We do not include the data on the total cross sections σ tot (s) and ρ(s), as their values were obtained from the differential cross sections, especially in the Coulomb-hadron interference region. Including such data decreases χ 2 , but it would be double counting in our opinion. We also do not include the interpolated and extrapolated data of Amaldi [68] , and only include their original experimental data.
As in the old version of the model, we take into account only the statistical errors in the standard fitting procedure. The systematic errors are taken into account by the additional normalization coefficient which is the same for every row of the experimental data. It essentially decreases the space of the possible form of the scattering amplitude. Of course, it is necessary to control the sizes of the normalization coefficients so that they do not introduce an additional energy dependence. As we will see later (Tables III and IV) , the distribution of the coefficients has the correct statistical properties and does not lead to a visible additional energy dependence.
Such a simple form of the scattering amplitude in the huge region of energy requires careful determination of the slope of the scattering amplitude. As was noted in Ref. [7] ), analytic S-matrix theory, perturbative quantum chromodynamics, and the data require that Regge trajectories be nonlinear complex functions [69, 70] . The Pomeron trajectory has threshold singularities, the lowest one being due to the two-pion exchange, required by the t-channel unitarity Ref. [71] . This threshold singularity appears in different forms in various models (see [7] ).
In the present model, a small additional term is introduced into the slope which reflects some possible small nonlinear properties of the intercept. As a result, the slope is taken in the form
This form leads to the standard form of the slope as t → 0 and t → ∞. Note that our additional term at large energies has a similar form as an additional term to the slope coming from π loop examined in Ref. [71] and recently in Ref. [72] . The basic Born amplitudes were taken in the old form, [Eqs. (5) and (6) 
Then, as we intend to describe sufficiently low energies, possible Odderon contributions were taken into account:
where h odd = ih 3 t/(1 − r 2 0 t). Just as we supposed in the previous variant of the HEGS model that F b (s, t) corresponds to the crosseven part of the three gluon exchange, our Odderon contribution is also connected with the matter form factor A(t). Our ansatz for the Odderon slightly differs from the cross-even part by some kinematic function. The form of the Odderon working in all t has the same behavior as the cross-even part at larger momentum transfer, of course, with different signs for proton-proton and proton-antiproton reactions. It has a large preasymptotic part, and as a result, such a preasymptotic part of the cross-even part is practically not felt. Hence, the Born term of the elastic hadron amplitude can now be written as
where F a (s, t) and F b (s, t) are the same as in the previous variant of the model [see Eq. (6)]. The analysis of the hard Pomeron contribution in the framework of the model [25] shows that such a contribution is not felt. For the most part, the fitting procedure requires a negative additional hard Pomeron contribution. We repeat the analysis of [25] in the present model and obtain practically the same results. Hence, we do not include the hard Pomeron in the model.
At large t our model calculations are extended up to −t = 15 GeV 2 . We added a small contribution from the energy-independent part of the spin-flip amplitude in a form similar to that proposed in Ref. [73] .
It has two additional free parameters. Of course, at lower energy we need to take into account the energy-dependent parts of the spin-flip amplitudes. However, this requires including additional polarization data in our examination which essentially complicates the picture. This is beyond the scope of this paper. Such a contribution can be made in future works. The model is very simple from the viewpoint of the number of fitting parameters and functions. There are no artificial functions or any cuts which bound the separate parts of the amplitude by some region of momentum transfer.
V. ANALYSIS AND RESULTS
We included 3416 experimental points were included in our analysis in the energy region 9.8 GeV ≤ √ s ≤ 8. TeV and in the region of momentum transfer 0.000375 ≤ |t| ≤ 15 GeV 2 . The experimental data of the proton-proton and proton-antiproton elastic scattering are included in 92 separate rows of 32 experiments [34] , including recent data from the TOTEM Collaboration at √ s = 8 TeV [67] . The whole Coulomb-hadron interference region, where the experimental errors are remarkably small, was included in our examination of the experimental data (see Tables III and IV) .
In the fitting procedure by FUMILIM program [74] we calculated the minimum in where T i (s, t) are the theory predictions, including the hadronic and electromagnetic parts of the scattering amplitude, and n k E i (s, t) are the data points allowing a shift by the systematical error of the k experiment (see, for example, Refs. [75, 76] . In the region of small momentum transfer the systematic errors are on the order of 2 − 5%. For the most part, the additional normalization is in the region 0.95 − 1.05. At large momentum transfer the order of the systematical errors is 10 − 20%. In this case, the additional normalization is situated in the region 0.8 − 1.2. Of course, if one sums the systematic and statistical errors, χ 2 /N decreases but it will give some additional space for changing the form of the scattering amplitude.
Our complete fit of 3416 experimental data points in the energy range 9. Obviously, for such a huge energy region we have a very small number of free parameters. We also note the good description of the CNI region of momentum transfer in a very wide energy region (approximately 3 orders of magnitude) with the same slope of the scattering amplitude. The differential cross sections of the proton-proton and proton-antiproton elastic scattering at small momentum transfer are presented in Fig. 5 at √ s = 9.8 GeV for pp scattering, and √ s = 11 GeV for pp elastic scattering, and in Fig. 6 at √ s = 7. TeV and √ s = 8. TeV for pp scattering. The model quantitatively reproduces the differential cross sections in the whole examined energy region in spite of the fact that the size of the slope is essentially changing in this region [due to the standard Regge behavior log(ŝ] and the real part of the scattering amplitude has different behaviors for pp and pp.
The results for the whole energy region for small momentum transfer are presented in Table III for the proton-proton elastic scattering and in Table  IV for the proton-antiproton elastic scattering. We can see that the χ 2 values are suitable. We note that they are especially small for the high-precision FNAL-JINR data which reach a very small size of the momentum transfer (up to −t = 0.00037 GeV We also include the high-precision non-normalized data of the UA4/2 Collaboration at √ s = 541 GeV which reach a very small momentum transfer −t min = 0.000875 GeV 2 . The real part of the scattering amplitude significantly influences the size and form of the differential cross sections in the Coulomb-hadron interference region [80, 81] . The second Reggeons also have a large slope for the imaginary part and hardly change the slope of the differential cross sections. A suitable description of both pp and pp experimental data in this region supports the determination of the real part of the scattering amplitude chosen in the model. It should be noted that possible contributions of the second Reggeons will essentially change the form and size of the real part of the scattering amplitude. The results presented in Tables III and  IV show that up to such a low energy we do not feel the essential contributions of the second Reggeons. This especially concerns the possible contribution of the f 0 meson. In some models it has an intercept essentially above 0.5 and its contribution influences the differential cross sections and σ tot (s) and ρ(s, t) in the ISR energy region. Our results practically exclude such Reggeons with an intercept above 0.5. The form and energy dependence of the diffraction minimum are very sensitive to the different parts of the scattering amplitude. The change of the sign of the imaginary part of the scattering amplitude determines the position of the minimum and its movement with a change in the energy. The real part of the scattering amplitude determines the size of the dip. Hence, it depends heavily on the Odderon contribution. The spin-flip amplitude gives the con-tribution in the differential cross sections additively. So the measurement of the form and energy dependence of the diffraction minimum with high precision is an important task for future experiments. In Fig. 7 , the description of the diffraction minimum in our model is shown for low energies. The HEGS model sufficiently reproduces the energy dependence and form of the diffraction dip. In this energy region the diffraction minimum reaches the sharpest dip at √ s = 30 GeV. Note that at this energy the value of ρ(s, t = 0) also changes its sign in the proton-proton scattering. The pp cross sections in the model are obtained by the s → u crossing without changing the model parameters. And for the proton-antiproton scattering the same situation with correlations between the sizes of ρ(s, t = 0) and ρ(s, t min ) takes place at low energy (approximately at p L = 50 GeV). Such a correlation was noted in Ref. [82] . The model reproduces dσ/dt at very small and large t and provides a qualitative description of the dip region at −t ≈ 1.4 GeV 2 , for √ s = 53 GeV and for √ s = 62.1 GeV for the proton-proton and proton-antiproton elastic scattering (see top and middle panels of Fig.8 ). The diffraction minimum at √ s = 7 TeV is reproduced sufficiently well too (see Fig.8c ).
In Fig. 9 , the description of the differential cross sections of the elastic scattering pp at large t and different values of s is presented. It is to be noted that the calculation of our integrals with complex oscillation functions at large momentum transfer is a difficult task and requires high-precision of the calculations. In any case, we obtain a quantitatively good description of the differential cross sections at large t. In this region of t, the contribution of the spin-flip amplitude is felt. We take into account only the asymptotic part of this amplitude with the simplest and energy-independent forms. Although it has a small size, its constant is determined sufficiently well, h sf = 0.06 ± 0.004.
In Fig. 10 , the model calculations for the differential cross sections are shown for the LHC energies. Obviously, in the model the difference in the behavior of the differential cross sections between √ s = 7 and √ s = 14 TeV is not large. For the most part, it is reflected in the movement of the position of the diffraction minimum to low momentum transfer and the increase of the sizes of the differential cross sections in the minimum and second diffraction maximum.
VI. THE STRUCTURE OF THE SCATTERING AMPLITUDE
In the model, only the Born terms of the scattering amplitude are determined. The separate terms and the full Born scattering amplitude have a sim- ple form and their imaginary parts do not have any oscillating behavior at small momentum transfer. In Fig. 11 and Fig. 12 , the parts of the Born terms of the scattering amplitude are presented at √ s = 9.8
GeV and √ s = 7. TeV. At small momentum transfer the imaginary part of the Pomeron P 2g dominates at both energies. At small energy, the cross-even and cross-odd imaginary parts of P 3g are equal to P 2g in the region of momentum transfer 0.7 − 0.9 GeV 2 , and then they dominate. Both parts of P 3g have the same size at −t > 1. GeV 2 . But the real part of the cross-odd term of P 3g dominates at −t > 0.4 GeV 2 and determines the real part of the full Born term of the scattering amplitude. As it has a different sign, compared to the real part of P 2g , the full real part of the Born term changes the sign at −t = 0.3 GeV 2 . At √ s = 7 TeV the picture is different. In this case, the imaginary part of the cross-odd P 3g practically does not influences the form of the scattering amplitude. The imaginary part of the cross-even P 3g exceeds the imaginary part of P 2g when −t > 0.3 GeV 2 and further determines the full Born term. The energy dependence of the imaginary and real parts of the full Born term of the scattering ampli- tude is shown in Fig. 13 . Note that the imaginary part grows with energy at small and decreases at large momentum transfer. The real part changes the sign and then grows at small momentum transfer but has a small energy dependence at large t. The energy dependence of the slope of the full Born term of the scattering amplitude is represented in Fig. 14 . Asŝ is complex, the slope has the real and imaginary parts too. The slope changes with s most quickly at small momentum transfer. The minimum change occurs in the region −t ≈ 0.8 GeV 2 . In  Fig. 15 , the energy dependence of the "basic" slope B(s, t) [Eq. (18)] is shown. Its real part has a simple form at low energies with a growing maximum at high energies that moves towards low t. However, the imaginary part has a more complicated energy dependence. The maximum of its energy dependence occurs at a momentum transfer larger than that for the real part in the region 0.4 < −t < 0.8 GeV 2 . The distinction of the form of the slope from the constant (linear) slope cannot be explained by the absence of the second Reggeons in the model. The second Reggeons have real and imaginary parts of the same order with a large slope near α 1 ≈ 0.9 GeV −2 . They essentially change the t dependence of the differential cross sections at low momentum transfer and especially in the CNI region. In order to use the unitarization procedure, it is necessary to transform the Born term of the scattering amplitude in the impact-parameter presentation. As our Born term has the form factor in a complicated form compared to the simple exponential, this transform can be performed only by numerical integration, [Eq. (7)]. Then, the standard eikonal representation is used to obtain the overlapping function in the impact-parameter representation, [Eqs. (8 and 9) ].
The energy dependence of the corresponding term of Γ(s, b) eq. (9) is represented in Fig. 16 . One can see that the black disc limit is not reached at Fig. 16 ) is small and has some important influence only at large impact parameters. Hence, the behavior of the scattering amplitude will change to the saturation regime when the energy grows essentially above the LHC energies. It is necessary to take this into account when the cross sections are extrapolated from the accelerator energies to the energies reached in cosmic-ray experiments. The corresponding representations for the total, elastic and inelastic cross sections are
and
The energy and impact parameter dependence of these values are represented in Fig. 17 and √ s = 7 TeV is shown in the bottom panel of Fig.  17 . Though the size of the growth for the elastic and inelastic values is very similar, the maximum of the growth takes place at different impact parameters. The growth of inelastic processes has a peripheral character. However, it is due to the saturation of such processes in the central region.
The full elastic scattering amplitude is calculated by numerical integration [Eq. (8)]. The magnitude of the real and imaginary parts of the full elastic scattering amplitude are represented in Fig. 18 for √ s = 9.8 GeV to √ s = 7 TeV. The imaginary part changes by moving its zero from −t = 1.35 GeV 2 to −t = 0.5 GeV 2 . The magnitude of the real part has zeroes in the examined region of t and mostly changes its size, but conserves its form.
It should be noted that the real part is negative at small momentum transfer at √ s = 9.8 GeV. The energy dependence of ρ(s, t = 0) (the ratio of the real part to the imaginary part of the scattering amplitude) is shown in Fig. 19 . Note that we do not include the experimental data on ρ(s, t = 0) and σ tot (s) in the fitting procedure.
In Fig. 20 , the slopes of the hadronic part of the full elastic scattering amplitude are represented at √ s = 9.8 GeV and √ s = 7 TeV. Obviously, the difference between the slopes at small momentum transfer is only in the size, though we examined such different energies. The nonlinear behavior of the slope of the Born term of the scattering amplitude is very weakly reflected in the form of the slope of the eikonalized amplitude, but it essentially influences the fitting procedure. In a larger region of We also show the experimental data for pp (squares) and pp (crosses) scattering from Ref. [34] .
the momentum transfer the slope of the differential cross section has a significant difference for the low and high energies (bottom panel of Fig. 20) . This is the result of the eikonalization procedure which is reflected in the position of the diffraction minimum. The comparison of the energy dependence of the model calculations of the slope of the differential cross sections is represented in Fig. 21 . In Ref. [84] , the slope was determined as
This gives the slope at t = 0, but the experimental data for the slope are obtained at small momentum transfer and beyond the Coulomb-hadron interference region and in some region of t. So, we used the standard determination of the slope,
In the different experimental data, t 1 and t 2 are different. We take some middle points: −t 1 = 0.04 GeV 2 and −t 2 = 0.05 GeV 2 . The experimental data have large errors. However, the energy dependence of our calculations for the most part coincides with the energy dependence of the experimental data. 
VII. CONCLUSIONS
We have presented a new model of the hadronhadron interaction at high energies. The model is very simple with regards to the number of parameters and functions. There are no artificial functions or cuts that bound the separate parts of the amplitude by some region of momentum transfer or energy. One of the most remarkable properties is that the real part of the hadron scattering amplitude is determined only by complex energyŝ that satisfies the crossing symmetries.
The new HEGS model gives a quantitative description of the elastic nucleon scattering at high energy with only five fitting high-energy parameters. Our model of the GPDs leads to a good description of the proton and neutron electromagnetic form factors and their elastic scattering simultaneously. A successful description of the existing experimental data by the model shows that the elastic scattering is determined by the generalized structure of the hadron. The model leads to a coincidence of the model calculations with the preliminary data at 8 TeV. We found that the standard eikonal approximation [85] works perfectly well from √ s = 9 GeV up to 8 TeV. The extended variant of the model shows the contribution of the "maximal" Odderon with specific kinematic properties and does not show a visible contribution of the hard Pomeron, as in Ref. [25] .
The slope of the differential cross sections at small momentum transfer has a small peculiarity and has the same properties in the whole examined energy region. Such a uniform picture for the slope gives the possibility of further research into small peculiarity of different cross sections, such as possible oscillations [86] . Note that we did not see the contributions of the second Reggeons with a large slope and intercept above 0.5 in the examined energy region. The obtained value of the total cross sections σ tot (s) and parameter ρ(s, t = 0) are shown in Table  V . At low energies the model calculation of σ tot (s) corresponds to the experimental data. The inclusion in our fit of the data of the TOTEM Collaboration increases the σ tot at √ s = 7 TeV from 95 mb [24] to 97 mb, which can be compared with recent data [67] . In Table VI , our model calculations at √ s = 7 TeV are compared with experimental data obtained at the LHC by different experimental collaborations. On the whole, the model calculations correspond to the existing experimental data. In our opinion, the experimental result of the ATLAS Collaboration σ tot (s) is preferable.
In Table VII , the comparison of our model with some others are shown. The first is the old BourrelySoffer-Wu (BSW 1 ) model [14] . It has a small number of fitting parameters (seven), but it also takes into account the second Reggeon's contributions. We have already noted that in this model the form factor is approximated by some function and it represents the average between the electromagnetic and matter form factors. The recent development of this model is represented as BSW 2 [87] . In this variant the number of experimental points increases, but A small number of fitting parameters will make it possible to explore some fine additional effects like possible oscillations of the scattering amplitude and find some corrections to the standard eikonal unitarization procedure.
